Purpose: Recommendations for BRCA1 and BRCA2 mutation carriers to disseminate information to at-risk relatives pose significant challenges. This study aimed to quantify family dissemination, to explain the differences between fully informed families (all relatives informed verbally or in writing) and partially informed families (at least one relative uninformed), and to identify dissemination barriers.
INTRODUCTION
Identification of a BRCA1 and/or BRCA2 (hereon BRCA) gene mutation provides individuals with information on approximate cancer risks, and recommendations for risk reduction and surveillance. Female BRCA mutation carriers have a 40 to 66% lifetime risk of breast cancer, and a 13 to 46% lifetime risk of ovarian and fallopian tube cancer. 1 Male BRCA carriers have an elevated risk of breast (1.2-6.8% by the age of 65) 2 and prostate (8.6-15% by the age of 65) cancer. 3, 4 Targeted screening, medical prevention, and risk-reducing surgery can improve survival outcomes for mutation carriers. 5 Hence, to be informed of one's BRCA mutation risk can potentially be lifesaving. Furthermore the cost-effectiveness of testing for BRCA mutation improves as more relatives are tested per proband. 6 As part of the genetic counseling process, patients identified with a BRCA mutation are encouraged to disseminate the information to at-risk relatives. Information dissemination enables relatives to access genetic counseling services for predictive testing (site-specific testing). However, significant challenges are faced in dissemination. Probands may lack understanding of the risk to their wider family, and they may misinform relatives, assume it is the parent's duty to pass on the information, 7 or rely on relatives informing other relatives. Ultimately, the accuracy of risk information is reduced with each step in the communication process. 8 Probands may also lack contact with relatives, and can face emotional barriers (including feelings of guilt, anxiety, and fear of burdening or upsetting relatives). [9] [10] [11] In addition to the missed opportunities for diagnosis for relatives, withholding this information can lead to greater distress for the proband themselves; 12 however, this aspect has not been widely studied.
Historically, genetics health professionals followed an ethos of nondirective counseling, whereby patients make autonomous decisions regarding whether to have mutation analysis. 13 However, it is also the duty of genetics professionals to inform patients of the familial implications of a BRCA mutation 14 and to provide support with this aspect (see Human Genetic Society of Australasia guideline 2012 GL02, "Process of Genetic Counselling"). As evidence for the benefits of surgical interventions have strengthened 5 and the ambiguity around cancer prevention has lessened, genetic counseling has evolved to accept the use of directive counseling where appropriate. 15 Previous studies from the United States suggest that dissemination rates vary significantly (59-77%). 9, 10, 16 In Australia specifically, a 2008 study found that dissemination rates reached 78% after increased genetic counseling support, and this was positively correlated with an increased uptake of predictive testing. 17 Achieving 100% dissemination is likely to be difficult given the multitude of barriers outlined above. However, identifying the characteristics of patients experiencing greater difficulty, and the specific barriers they face, can assist the counselor in developing targeted counseling interventions.
It has been well documented that BRCA mutation carriers are more likely to inform first-degree relatives (FDR) compared with second-degree relatives (SDR) and thirddegree relatives, and are more likely to inform female relatives than male relatives. 9, 17, 18 While these studies have provided insight into communication patterns in BRCA mutation carrying families, few studies included male BRCA carriers, 19 or quantified dissemination any more specifically than "at least one relative." To our knowledge, no Australian studies have assessed baseline dissemination (before implementation of a dissemination intervention), 17 and the influence of family size, relatives' geographical location, and Jewish ancestry on family dissemination has not been reported.
We therefore aimed to: (i) quantify current family dissemination among BRCA families; (ii) identify any differences between families who inform all at-risk relatives versus those who do not; (iii) identify the key barriers to disseminating information; and (iv) determine whether there is any correlation between family dissemination and psychological distress.
MATERIALS AND METHODS

Participants
A total of 671 BRCA carriers were invited to participate. They were identified from three New South Wales (NSW) and one Australian Capital Territory (ACT) metropolitan hospitals, where the hereditary cancer clinics had been established and supervised by the same lead clinician using the same policy for dissemination (verbal discussion at the time of results and provision of a family letter). Sixteen invitations were "returned to sender," and relatives of ten participants notified the Hereditary Cancer Clinic of their death. Of the remaining 645 who were assumed to have received the invitation, 202 consented (31.3%) to participate.
Measures K10
The Kessler psychological distress scale (K10), a measure of psychological distress, was completed by participants at consent to: (i) ensure any participants with serious psychological distress would be referred for counseling, and (ii) enable assessment of the association between distress and family dissemination. The ten-item K10 has a high degree of sensitivity and specificity for distinguishing individuals with and without serious mental illness. It has an area under the curve of 0.85, meaning that 85% of cases are accurately classified. 20 The K10 can be delivered verbally or provided for the participant to complete in writing. It collects information on the frequency of emotions experienced in the previous 4 weeks. Assessed emotions include tiredness, nervousness, hopelessness, restlessness, depression, and worthlessness. Frequency is measured on a five-point Likert scale, with scores ranging from 1 (none of the time) to 5 (all of the time). Scoring reaches a maximum of 50, with scores greater than or equal to 30 suggestive of a severe mental health issue, scores of between 20 and 29 indicating mild to moderate mental health issues, and scores of less than 20 indicating mental wellbeing. These categories have been determined according to the criteria developed by the Clinical Research Unit for Anxiety and Depression 21 and have been used by the Australian Bureau of Statistics to conduct the National Survey of Mental Health and Wellbeing. 22 Condition-specific and other related health information Participants were contacted for interview within 3 months of providing consent and a K10. During interview, they were asked about their current risk-reducing behaviors and other health-related information. This was to ensure that patients participating in the study were complying with, or understood, the current guidelines for risk management as an opportunity for clinical review. Information documented for female participants included bilateral mastectomy, tamoxifen use, compliance with breast screening recommendations, salpingo-oophorectomy, age at menopause, hormone replacement therapy use, bone mineral densitometry compliance, oral contraceptive pill use, and supplement use. Information documented for male participants included prostate screening compliance and supplement use. This section of the questionnaire was designed after reviewing the Peter MacCallum Cancer Centre BRCA annual follow-up questionnaires. Current national guidelines, as published by eviQ, 23 were also reviewed to ensure that the interview addressed all evidence-based risk-reducing strategies.
Dissemination activity
A family pedigree tool was used to record whether each at-risk relative was informed about the BRCA mutation risk (e.g., informed/not informed), how they were informed (e.g., by conversation, letter, or another relative), and their geographical location (e.g., Australian state/territory, or country if outside Australia). Restriction of "at-risk" relatives was consistent across all families, and included all living FDR, SDR, and cousins over the age of 18.
To consider patient-and family-related health and demographic factors as potential covariates, the following additional information based on the pedigree was extracted from the family file: any personal history of BRCA-related cancer, inheritance (maternal versus paternal versus unknown), whether the participant had BRCA testing as a proband or as the result of a predictive test, the number of BRCA-related cancer diagnoses in the family, the number of BRCA-related cancer deaths in family, and whether the family identified as Jewish.
Barriers to family dissemination
To identify whether participants had experienced or still faced any barriers to dissemination, a semi-structured interview script was developed by E.H., K.T. and R.W., which included prompts for discussion. Questions covered the following topics: (i) attempts made to disseminate information; (ii) how often participants thought about informing relatives; (iii) their biggest concerns; and (iv) whether a letter, review appointment, or assistance from another relative would help.
Procedure Screening
Following receipt of consent and screening questionnaires, K10 data were analyzed to determine participants' distress levels. Any participants scoring highly (30-50) were provided with information about their score and advised of the following options: (i) to visit the genetic counselor for an appointment to discuss their psychological health and management strategies; (ii) to request a referral from the genetic counselor to psychological services; or (iii) to make a personal appointment with their general practitioner to discuss avenues for addressing psychological difficulties. All high-scoring K10 participants were offered the opportunity to continue with the study or withdraw.
Of the eight participants who had a K10 score of greater than or equal to 30, two were already seeing a psychologist or social worker, two came for a review appointment with a genetic counselor, and four declined review/psychology referral as they felt their distress was situational and would resolve. All were followed up on average 2.1 months later and, during this period, the K10 score decreased by an average of 13.5 points.
Data collection
All measures, with the exception of the K10, were completed by the genetic counselor as part of a structured telephone interview (see Supplementary Information online for an example script). The research genetic counselor was able to view the family pedigree during the call, and used the "dissemination activity" measure to ask specifically about each branch and to record the informed status for each family member. Hand-written notes were recorded, and updates to any family history information were noted on the pedigree to be retained in the family file. Participant responses to questions, and relevant quotes referring to barriers to dissemination, were recorded by the genetic counselor.
Data analysis Quantitative data
Descriptive statistics. Descriptive statistics (means, percentages and range) for the following variables were computed: K10 score; time since test result; BRCA type (BRCA1 versus BRCA2); test type (proband versus predictive); inheritance (paternal versus maternal); family size, number of relatives informed, number of relatives tested, Jewish ancestry, proportion of relatives living in NSW; and personal and family cancer history. Numbers of BRCA-related cancers and BRCArelated deaths were counted within the affected side of the family up to and including FDR, SDR, and cousins. Cancer of the breast, ovary, fallopian tube, prostate and pancreas were all included. Melanoma was excluded due to the high population incidence in Australia. 24 Statistical analysis was conducted using the software package SPSS. 25 A P-value of equal to or less than 0.05 was considered statistically significant.
Quantifying family dissemination. The following equation was used to calculate family dissemination rate:
Number of relatives informed Total number of at À risk relatives When more than one family member consented for the study, data from the first to consent were used for analysis. Families of individuals who had informed all at-risk relatives were classed as "fully informed" and those with one or more uninformed relatives were classed as "partially informed."
Identifying differences between families who informed all at-risk relatives versus those who did not. Categorical differences between fully informed and partially informed families were examined using chi-squared tests. Independent sample t-tests were used to measure differences in fully informed and partially informed families according to continuous variables.
Factors affecting family dissemination. Multivariate logistic regression analysis was used to determine whether the following participant and family factors predicted the likelihood of complete dissemination: age, sex, family size, K10 score, geographical location of relatives, ancestry (Jewish or not Jewish), BRCA type, test type, time since result, patient cancer history, and family cancer history.
Qualitative analysis
Analysis of the barriers to dissemination of information to relatives was guided by the conceptual framework of Miles and Huberman. 26 Responses from 200 participants were included in this analysis. The researcher developed a master list of codes based on the first 20 interviews. As data collection took place concurrently, open coding allowed for the emergence of any new themes in addition to pre-existing ones. At completion, the occurrence of each barrier was tallied using the "autonomous counting" framework described by Hannah and Lautsch. 27 Counts were used to determine the most commonly reported challenges. Comparisons were made between counts in affected and unaffected individuals to see if a personal experience of cancer led to differing perceptions regarding dissemination challenges. Illustrative quotes were chosen to add depth and voice to the recorded barriers.
RESULTS
Participants
In total, 202 individuals participated. Two were excluded from the analysis because data were incomplete or because there were no at-risk relatives. The remaining 200 participants came from 165 separate families, and 2,591 at-risk relatives were associated with these families. The demographics of the 165 families are listed in Table 1 . In summary, the mean age of the cohort was 55 years, the majority were females (83.6%) and most identified as BRCA carriers through predictive testing (61.2%). A small proportion of the cohort was of Jewish ancestry (18.8%).
Family dissemination
On average, 81.1% of at-risk relatives had been informed about the BRCA mutation carrier risk in the family, and all participants had informed at least one relative. Percentages of each relative type informed are shown in Figure 1 . Informing rates were highest amongst siblings, followed by parents and children, aunts/uncles, nieces/nephews, and lowest in cousins. Of the 165 participating families, 87 families (52.7%) had not informed at least one at-risk relative, and an average of 6.5 individuals per family had not been informed. In these partially informed families (4% of first degree 27% of second degree and 62% of cousins were uninformed), 35.9% of relatives had not been informed about their BRCA carrier risk, 4% of whom were FDR, 27.0% of whom were SDR, and 62.0% of whom were cousins.
Differences between fully informed and partially informed families
The characteristics of fully informed and partially informed families are summarized in Table 2 . Fully informed families were significantly smaller than partially informed families (on average, they had 6.36 fewer relatives). Fully informed families had a smaller number of siblings (0.52 fewer), nieces/nephews (2.89 fewer) and cousins (2.98 fewer). Fully informed families had, on average, significantly fewer BRCA-related cancer deaths (a difference of 0.51). Personal cancer history and the presence of BRCA cancer in a FDR were not related to dissemination status.
Participants with a fully informed family were significantly younger (approximately six years). The number of years since result receipt was similar in both fully and partially informed groups. No significant difference was found between maternal versus paternal transmission, testing type (proband versus predictive), the sex of the participant, and the family dissemination status. A higher proportion of Jewish families (61.3 versus 44.0%) had complete dissemination; however, this was not statistically significant. Individuals with partially informed families had significantly higher K10 scores than those with fully informed families (a difference of 2.31).
The logistic regression model ( Table 3 ) was able to accurately predict the dissemination status of 72.7% of families. In this model, decreasing family size, age, and K10 score (lower distress) were all significantly associated with an increased likelihood of complete dissemination. A higher proportion of relatives living in close proximity and a greater number of living relatives with a BRCA-related cancer were also significantly associated with complete dissemination. Ancestry and sex were not associated with dissemination.
Barriers to informing relatives
Participants from both fully and partially informed families were asked to recall the barriers to informing their relatives ( Table 4) . Coding revealed final themes based on five key barrier domains: emotion, loss of contact, language/education, misunderstanding, and dissemination responsibilities. Loss of contact was the most commonly spontaneously reported barrier, and was mentioned by 47.5% of participants overall. In 17.5% of families, an assumption that another relative had passed on the information contributed to lack of certainty regarding dissemination. Emotional barriers, language and education barriers, and misunderstanding were reported less frequently.
DISCUSSION
BRCA carriers hold important health information that is relevant for blood relatives. Despite the fact that we reported a higher dissemination rate than has been shown previously, 9,10,16 a dissemination rate of 81.1% is still suboptimal. In our study sample, which was taken from four NSW/ACT hospitals alone, this represents 556 at-risk relatives yet unaware. Our finding that rates of dissemination are lower in SDR and cousins is consistent with previous reports. 9, 10, 16, 18 Larger, geographically diverse, families have greater difficulty informing all relatives, largely due to the barriers of lost contact and reliance on other relatives to pass the information on. Informing distant relatives is an integral aspect of ensuring the public health benefit of predictive testing. Informing one or more cousins can provide new information to an entire family branch and, for those who seek testing, health outcomes can be improved with more targeted and timely interventions. In this study, cousins were the least likely group to receive the BRCA-related risk information. Some of the barriers to informing cousins specifically include loss of contact, superficial relationships and geographical separation, 28, 29 and this was supported by our qualitative findings.
Likewise, our quantitative findings suggest that partial dissemination was predicted by a higher proportion of relatives living interstate or overseas. Online communication resources such as Kintalk-a website which assists families to securely store and share genetic information via an online platform 30 -may prove to be useful for geographically diverse families. Networking websites, such as Facebook, which are more popular among young and middle-aged populations, may explain the greater likelihood of complete dissemination in younger participants.
Some participants had not directly discussed the BRCA gene with their extended relatives, but believed that they would be aware due to the strong family history of cancer. In the case where cousins do not communicate, two relatives may unnecessarily both seek proband testing. Not only is the cost of predictive testing in this case higher (AU$1,000 versus AU Percentage of individuals diagnosed/not diagnosed with a BRCA-related cancer who spontaneously described the listed barrier.
$300 per patient in 2016), but ongoing costs may occur when a distant relative in an established BRCA family tests inconclusive (when they might otherwise be considered a true negative), and is given risk management information in line with a high-risk family. 31 Thus, explaining to patients which relatives are at-risk is an important aspect of the genetic counseling process, and this needs to be done early on. ShaRIT, 32 an information package developed in the United States, may assist with this and could ultimately increase patient knowledge, as well as the number of relatives informed of a BRCA mutation risk. While improvements were noted in the ShaRIT study, the small sample size in the pilot study was not powered to detect a significant effect. 32 Affected individuals were more likely than unaffected individuals to rely on other relatives to pass on the information, suggesting that treatment fatigue may be a barrier to dissemination, and is illustrated by the quote "There was so much going on in my life, I left it up to her [sister] ." Identifying "key" relatives to support the communication process may also reduce the burden for the tested individual and/or increase the number of relatives informed.
While not statistically significant, the finding that fully informed families had, on average, a higher number of aunts/ uncles (and lower numbers of other relatives) may suggest some benefit of having more living aunts and uncles to assist in the process of disseminating information to cousins. Conversely, in families where aunts and uncles are deceased, there may be loss of contact with cousins. Another potential explanation is the notion that it is the parent's duty to pass genetic risk information onto their own offspring. 7 Thus, by informing a sibling or aunt/uncle, an individual relinquishes the responsibility of informing their niece/nephew or cousin.
In this study, there was a greater likelihood of complete dissemination in families with a larger number of living relatives with a BRCA-related cancer. It is possible that these relatives advocate for predictive testing and thus assist with information dissemination. Life events, such as a new cancer diagnosis or death in the family, or providing care to relatives with cancer, have been previously reported to foster family communication about cancer risk. 33 While identifying key relatives to assist with communication may be of some benefit, the "whispers game" effect can hinder the quality of the risk information passed onto the wider family, with each step in the communication process reducing accuracy of recall. 8 A potential area for future research may be to determine whether the presence of a key relative in a follow-up appointment, who hears the information first hand from the health professional, benefits information accuracy and dissemination. Providing patients with written information and clinician-written letters to distribute to their relatives has long been established as a useful dissemination strategy and ensures that the message is not distorted. 32, 34 Evidence from this study suggests that there is an association between distress and dissemination; however, is it difficult to discern whether distressed patients are less likely to inform all relatives or whether a lack of complete dissemination can contribute to distress. Individuals who are less likely to share results tend to express ambiguity around risk-reduction strategies and have fatalistic beliefs, 35 which supports the former hypothesis. Individuals who share information with their relatives can gain emotional support and assistance with medical decision making, which may foster psychological adaptation 36 supporting the latter hypothesis. Lapointe et al. 37 found that sharing test results was not significantly associated with psychological impact. Further research is needed to discern the relationship between psychological coping and the dissemination of BRCA mutation-related risk information to family members.
Limitations
This study has noteworthy limitations. First, the K10 scale used was a generalized scale, which is not specific to BRCA concerns and which asks patients to consider how they have been feeling in the previous 4 weeks. The score could therefore be situational or related to recent illness, grief, work and relationship stress, or a number of other factors. In the future, it may be more appropriate to use a standardized scale that addresses BRCA-related stress, such as the Psychological Adaptation to Genetic Information Scale 38 or the Multidimensional Impact of Cancer Risk Assessment. 39 Second, individuals who participate in studies are likely to be more motivated, and therefore more likely to have informed the majority of their relatives. In this study, the baseline rate of dissemination was 81.1%, which was slightly higher than in the majority of other studies reported in the literature. 9, 10 Another explanation for this is that participants in this study had been identified with a BRCA mutation an average of 6.2 years previously, allowing significantly more time than in other studies for them to have informed their relatives. However, previous studies suggest that if BRCA carriers choose to inform relatives, they usually do so within 3-4 months of testing 40, 41 and, as such, the time since the result may have a negligible effect, which is supported by our study findings.
Another limitation of this study was the inability to analyze data by hospital site. As some sites only had one clinician, it would not have been possible to maintain their confidentiality in site comparisons.
While the response rate for the study was low (31.3%), the participant group was representative of the entire cohort with respect to the male:female ratio and the uptake of riskmanagement choices. The participant group was, however, significantly older than the nonparticipant group (54.8 years vs. 51.3 years, t = 2.57, P = 0.010). As age was found to be a predictor of dissemination, it is possible that family dissemination may be even higher in the younger nonparticipant group.
Finally, this study was carried out with participants from NSW and ACT, so we cannot be certain that these results can be generalized to wider Australian and international BRCA families. This applies particularly to jurisdictions where direct contact with relatives by genetics health professionals does not violate privacy laws. Recent changes in Australian law allow the disclosure of genetic information by a health professional to the genetic relatives of a patient where failure to disclose would place the health or life of a genetic relative at serious risk. 14 One Australian study has trialed this and found that the uptake of predictive testing has significantly improved. While this may be a further avenue for increasing dissemination, consideration should be given to the additional resources required for genetic counselors to provide this additional service.
CONCLUSION
BRCA carriers face numerous practical and emotional barriers to attempting to disseminate cancer risk information to all of their at-risk relatives. A greater understanding of these barriers will assist the development of specific interventions. Alleviating the challenges may have positive psychological impacts for counselees, ensure that more at-risk relatives can seek genetic counseling and definitive testing, and ultimately reduce the public health burden of cancer.
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